OBJECTIVE: To assess associations of adiposity with prevalent coronary heart disease (CHD) among elderly men. DESIGN: A cross-sectional epidemiologic study conducted between 1991 and 1993. SUBJECTS: 3741 Japanese±American men from the Honolulu Heart Program who were 71±93 y of age. MEASUREMENTS: CHD included documented myocardial infarction (electrocardiographic and enzyme criteria), acute coronary insuf®ciency, angina pectoris leading to surgical treatment identi®ed through hospital surveillance, and reported history of heart attach or angina pectoris requiring hospitalization or surgical treatment. BMI was calculated as weight in kg divided by height in square meters. Waist circumference was measured at the horizontal level of the umbilicus and WHR was a ratio of waist circumference to hip circumference measured at the horizontal level of the maximal protrusion of the gluteal muscles. RESULTS: An elevated prevalence of CHD was observed in the elderly men with high BMI, WHR and waist circumference. The signi®cant associations of BMI and waist circumference with CHD persisted after adjustment for fasting glucose, physical activity and pack-years of cigarette smoking but were no longer signi®cant (odds ration (OR) 1.03, 95% con®dence level (CI) 0.94±1.12 and OR 1.09, CI 0.99±1.20, respectively) after adjustment for high density lipoprotein cholesterol (HDL-C). Also, the association of BMI with CHD was not found to be independent of abdominal adiposity. However, the associations of WHR and waist circumference remained signi®cant (OR 1.20, CI 1.08±1.33 and OR 1.17, CI 1.01±1.37, respectively) after additional adjustment for BMI. In addition, the association of WHR with CHD was consistently signi®cant and independent of fasting glucose, physical activity, smoking and HDL-C (OR 1.11, CI 1.00±1.23). CONCLUSION: WHR is associated with CHD independent of HDL-C and BMI, whereas the relation of BMI and waist circumference with CHD may be mediated through a relation of BMI and waist circumference with HDL-C level.
Introduction
Excess body fat has been considered as an important risk factor for development of coronary heart disease (CHD). However, it is still controversial whether excess body fat is an independent risk factor or acts indirectly through relations with covariates such as blood pressure or cholesterol. 1 Excess body fat has been observed to be directly related to the risk factors for CHD, such a hypertension, hyperlipidemia, glucose intolerance and diabetes. 2±4 The associations of excess body fat with CHD have been examined prospectively in the Honolulu Heart Program (HHP) at younger ages. 5, 6 The purpose of the current study is to examine the cross-sectional associations of adiposity with CHD among 3741 elderly Japanese±Amer-ican men aged 71±93 y from the HHP who were recently re-examined between 1991 and 1993.
Methods
The HHP was initiated in 1965 to follow up a cohort of 8006 Japanese±American men aged 45±68 y and living on Oahu, Hawaii for development of CHD and stroke. 7 Body weight, height, and subscapular and triceps skinfold thicknesses have been measured using standard methods since the Baseline Examination conducted in 1965±1968. Morbidity and mortality surveillance have continued concurrently with examinations. 6 A series of examinations has been done since 1965 in the HHP. The Fourth Examination was conducted in 1991±1993. The population of the current study consisted of 3741 elderly Japanese±Amer-ican men participating in the Fourth Examination of the HHP. These 37451 men represent 80% of the survivors of the cohort initially examined at the Baseline Examination, 1865±1968.
Participants were de®ned to the prevalent CHD if they have had at least one of the following cardiovascular events: documented myocardial infarction (acute, silent or old myocardial infarction with ST-T wave changes on serial electrocardiogram or elevated creatine kinase and MB fraction), acute coronary insuf®ciency, angina pectoris leading to surgical treatment identi®ed through hospital surveillance, and reported history of angina pectoris or heart attach requiring hospitalization or surgical treatment. 8 Body mass index (BMI) calculated as weight in kg divided by height in square meters was used to estimate overweight. Waist circumference was measured at the horizontal level of the umbilicus and used to estimate abdominal and possibly visceral adiposity. Hip circumference at the horizontal level of the maximal protrusion of the gluteal muscles. The waist-to-hip ration (WHR) was used to assess abdominal fat distribution. Age, total serum cholesterol, serum triglyceride, high density lipoprotein cholesterol (HDL-C), fasting glucose, insulin, hypertension ( ! 160/95 mm Hg or on medication), physical activity index, 9±11 currently monthly alcohol consumption, and pack-years of cigarette smoking at the Fourth Examination were considered as potential confounders of the associations of BMI, WHR, and waist circumference with CHD.
Subjects were grouped based on quintile of the BMI, WHR and waist circumference. Unadjusted prevalence of CHD was initially compared across the quintile of BMI, WHR and waist circumference, and a chi-square test for trend 12 was performed. Univariate logistic regression models were used to identify variables that were signi®cantly related to the three adiposity measures and CHD as well. The stepwise method 13 and goodness-of-®t 14 were used in multivariate logistic regression models to examine potential confounding effects of the selected covariates. Odds rations (OR) and 95% con®dence intervals (CI) for associations of BMI, WHR and waist circumference (as continuous variables) with CHD were calculated with and without adjustment for covariates. A difference of one standard deviation unit for all continuous variables was used in calculating the ORs.
Results
BMI, WHR and waist circumference were measured in 3594, 3664 and 3672 men, respectively. The mean ages were 77.5 and 77.8 y for the 607 men with CHD and 3065 men without CHD, respectively (P 0.12). The unadjusted prevalence of CHD is displayed by the quintile of BMI, WHR and waist circumference (Table 1) . CHD prevalence was higher in the elderly with higher adiposity. The increasing trend was signi®cant for all the three adiposity measures (P 0.029, 0.001 and 0.016 for BMI, WHR and waist circumference, respectively).
The characteristics of the three adiposity measures and other CHD risk factors are displayed in Table 2 . The Japanese±American men in the current study were not obese on average. The means of BMI, WHR and waist circumference were 23.43 kg/m 2 , 0.94 and 86.09 cm, respectively. Age was inversely correlated with the three adiposity measures and all the other CHD risk factors, except for HDL-C (Table  3 ). Strong and highly signi®cant correlations of waist circumference with BMI and WHR were observed in Table 3 , Pearson correlation coef®cients (r 2 ) were 0.816 and 0.723, respectively. BMI was signi®cantly Table 4 ). Those univariate associations can be clinically interpreted as an increase in BMI of 3.1 kg/m 2 , in WHR of 0.06 and in waist circumference of 8.7 cm corresponding to an approximate 10, 22 and 16% increase in the odds of CHD. Triglyceride, fasting glucose and insulin, pack-years of cigarette smoking and hypertension were positively associated with prevalent CHD. HDL-C and physical activity index were inversely associated with prevalent CHD. Associations involving age and alcohol consumption were not signi®cant and the total serum cholesterol association was borderline signi®cant (P 0.052).
Results of multivariate analyses are displayed in Table 5 . BMI and waist circumference were positively and signi®cantly associated with CHD when fasting glucose, physical activity index and pack-years of cigarette smoking were included in the models, separately. BMI and waist circumference were no longer signi®cantly associated with CHD once HDL-C was included in the models, the magnitude of the ORs being markedly attenuated (OR 1.03, CI 0.94± 1.12 and OR 1.09, CI 0.99±1.20, respectively). These two ORs are clinically interpreted as an increase in BMI of 3.1 kg/m 2 and in waist circumference of 8.9 cm corresponding to an approximate 3 and 9% increase in the odds of CHD, respectively, when HDL-C was taken into account. The positive association of WHR with CHD was consistently signi®cant and independent of HDL-C, fasting glucose, physical activity index and pack-years of cigarette smoking. After adjustment of the four covariates simultaneously, the association was signi®cant although slightly decreased in magnitude (OR 1.11, CI 1.00±1.23) ( Table 5 ). The adjusted ORs is interpreted as an increase in WHR of 0.06 corresponding to an approximate 11% increase in the odds of CHD, with the four covariates take into account.
The associations of fasting glucose and pack-years of cigarette smoking with CHD prevalence were found to be consistently positive, but the association of HDL-C and physical activity were consistently inverse in all multivariate analyses. Triglyceride, fasting insulin, and hypertension were not included in the multivariate models because their inclusion did not improve goodness-of-®t of the models. 14 Prevalence of CHD is shown in Figures 1, 2 and 3 strati®ed by tertiles of HDL-C and the three adiposity measures, separately. The CHD prevalence tended to increase with decreasing HDL-C level across all the tertiles of the three adiposity measures. The CHD prevalence tended to increase with increasing WHR levels across tertiles of HDL-C, and these trends were more clearly seen than those in higher levels of BMI and waist circumference. Table 6 shows the means and standard deviations of BMI and other risk factors including glucose, cholesterol, triglyceride, pack-years of cigarettes smoking and monthly alcohol consumption at the Baseline Examination, 1965±1968 and the Fourth Examination, 1991±1993 among the participants in both the examinations. All the mean values declined from the Baseline Examination to the Fourth Examination except for mean pack-years of smoking. The pair-comparisons t-tests were highly signi®cant. 15 The respective contribution of BMI and abdominal adiposity was compared in the bi-variate models. The results are displayed in Tables 7 and 8 . The associations of BMI became signi®cant once either WHR or waist circumference was included in the bi-variate models. However, the associations of WHR and waist circumference with CHD remained signi®cant (OR 1.20, CI 1.08±1.33 and OR 1.17, CI 1.01±1.37, P 0.0006 and 0.036, respectively) when BMI was included in the same models. An increase in WHR of 0.06 and in waist circumference of 8.9 cm corresponded to an approximate 20 and 17% increase in the odds of CHD, respectively, after ) and coronary heart disease in the unit of 1 s.d., see Table 2 for values. b Odds ratio (95% con®dence level) of association between waist circumference (cm) and coronary heart disease in the unit of 1 s.d.. c Odds ratio (95% con®dence level) of association between waist to hip circumference ratio and coronary heart disease in the unit of 1 s.d.. In the unit of 1 s.d., see Table 2 for values Adiposity with prevalent CHD B Huang et al adjustment for BMI. Moreover, the P value for the bivariate association of waist circumference with CHD was attenuated to a greater extent than the association of WHR with CHD. In addition, no signi®cant interaction was observed between BMI, waist circumference and WHR in the association with CHD.
Discussion
Higher BMI was associated with elevated prevalence of CHD among the elderly survivors in the current study, and these associations were independent of fasting glucose, physical activity index and cigarette smoking. These results were in accord with previous ®ndings in the HHP when the cohort was younger. Positive associations of BMI with CHD were also previously found to be independent of smoking and diabetes at the Baseline Examination. 5, 6 In this current study, an inverse correlation between BMI and HDL-C, and a positive association of BMI with prevalence of CHD were observed. the association was no longer signi®cant after adjustment for HDL-C. Efforts to increase detection of an association were attempted by a comparison of the prevalence of CHD among the men with BMI valued at higher than 27 kg/m 2 (87th percentile) and those at 27 kg/m 2 or lower. The magnitude of the univariate association increased (OR 1.35, CI 1.05±1.73), but the association was no longer signi®cant (OR 1.25, CI 0.97±1.61) after adjustment for HDL-C. Quartiles and quintile of BMI were used for the same analysis, and the results were similar. The results suggest that the association of BMI with CHD could be mediated through the inverse correlation between BMI and HDL-C.
It is well known that obesity is associated with low levels of HDL-C, although the mechanism for this reduction is not fully understood. Cholesteryl ester transfer protein (CETP) has been reported to play a role in regulating the concentration and composition of HDL-C. 16 In the obese subjects with BMI of 26.4± 43.8 kg/m 2 , HDL-C was signi®cantly lower and both CETP activity and CETP concentration were signi®-cantly increased. 16 Hepatic lipase (HL) and lipoprotein lipase (LPL) were reported to play a signi®cant role in the modulation of HDL-C. 17, 18 A higher HL activity and a lower LPL activity were found in the subjects with a lower level of HDL-C than those with a higher level. 17, 18 BMI was observed to be signi®-cantly and positively related to HL activity, but inversely to LPL activity. 17 Obesity was reported to be an independent risk factor for CHD in the Framingham Heart Study. 19, 20 High amounts of abdominal fat have been thought to be associated with disturbance in glucose and lipid metabolism leading to an increased susceptibility for cardiovascular disease. 21±23 Abdominal obesity has also been considered to be related to high concentration of free fatty acids leading to the metabolic disturbance and increased blood pressure. 23 The men with abdominal obesity were observed to be at a greater risk of developing metabolic complications than those with predominantly peripheral fat accumulation. 24 Visceral adiposity, especially omental adiposity has been observed to be critical in the association between the level of abdominal fat and Adiposity with prevalent CHD B Huang et al cardiovascular risk factors since the level of deep abdominal fat distribution was primarily associated with metabolic complications. 25 Waist circumference has been observed to be more strongly correlated with abdominal adiposity than WHR, 24, 26, 27 because WHR may be in¯uenced by the adiposity of lower extremities. 24 High WHR was suggested to denote a masculine adiposity distribution hypothetically related to sex hormones. 28 The prevalence of CHD was found to be positively associated with WHR and waist circumference, but inversely associated with HDL-C among the elderly men in the current study. The association with WHR was independent of HDL-C, but the association with waist circumference was not. These ®ndings suggested that WHR was more strongly associated with CHD among the elderly men than was waist circumference. There are two possible explanations. First, WHR was found to be less strongly correlated to HDL-C than BMI and waist circumference. The weaker correlation might explain why the association of WHR with CHD in the Japanese±American men was independent of HDL-C. Second, those men in the HHP were relatively lean. The mean waist circumference values for the men with and without CHD were 87.2 and 85.8 cm, respectively. Waist circumference was formerly suggested to be potentially related to CHD at or above the value of 100 cm. 26 Abdominal adiposity was inversely associated with HDL-C in the current study. These results are consistent with previous ®ndings. 29±31 The associations of WHR with CHD were reported to be either independent or dependent of cholesterol, previously. 23, 28 An association of WHR with CHD was observed not to be independent of HDL-C 32 in the men and women who underwent coronary angiography. Mexican±Ameri-cans had higher levels of obesity and lower levels of HDL-C, but similar or possibly lower CHD rates than the non-Hispanic whites. 33 The associations of abdominal adiposity, WHR and waist circumference, were reported with and without adjustment for HDL-C in the current study to minimize the potential for overadjustment.
Abdominal obesity maybe more likely relate to metabolic complications than predominantly peripheral fat accumulation 5, 24 and more strongly associated with CHD risk factors than BMI. 21, 30, 31 Abdominal adiposity, measured by WHR and waist circumference, was found to be strongly associated with prevalent CHD and independent of BMI in the current Waist to hip circumference ratio. BMI was previously reported not to be a`sensitive' indicator of CHD in seriously overweight and obese military personnel. 36 In contrast, in healthy premenopausal women, WHR was found to be signi®cantly associated with other CHD risks factors, such as HDL-C, total and very low density lipoprotein triglycerides after adjustment for BMI. 37 In this current study, information on the measures of adiposity and CHD prevalence was ascertained at the same time. Although higher BMI, WHR, and waist circumference were observed to be associated with an elevated prevalence of CHD, the temporal sequence cannot be established adequately to infer a causal association. Moreover, the population of the current study, 3741 Japanese±American men, represents 80% of the survivors of the cohort initially examined at the Baseline Examination, 1965±1968. These 3741 men were likely to be`healthier' than the remaining 20% of survivors who did not participate in the Fourth Examination, 1991±1993. The association of adiposity with CHD among those 20% survivors was unknown, although examinations at home and in nursing homes may have lessened this potential bias.
The previous ®ndings of the Framingham Heart Study and the Multiple Risk Factor Intervention Trail 38±40 suggested that the effect of total cholesterol level diminished with age and was not related to CHD in the men after the age of 65 y. In contrast to these two studies, cholesterol level was indicated as an independent predictor of CHD in the men older than 65 y in the HHP. 41 The results from the current crosssectional study should be interpreted with a special caution. Since BMI, glucose, physical activity index, cholesterol, triglyceride, monthly alcohol consumption and pack-years of cigarette smoking were available at the Baseline Examination, 1965±1968, the possibility that the cross-sectional associations between those variables and CHD prevalence were underestimated was carefully examined. Except for glucose and pack-years of cigarettes of smoking, the mean levels of all other risk factors declined from the Baseline Examination to the Fourth Examination. In addition, the mean levels were reduced more in the men with CHD than those without CHD. Therefore, the cross-sectional associations of BMI, cholesterol, triglyceride, and monthly alcohol consumption with CHD observed in the current study were likely to have been underestimated. The magnitude of the association of cholesterol, observed in the current study, was lower than its actual contribution to CHD. The attenuated association could be partially due to the more prevalent medication use and dietary behaviour change in lower cholesterol among the men with CHD than those without CHD. 42 Non-fasting glucose was measured one hour following at 50 g load at the Baseline Examination, 7 but fasting glucose was measured at the Fourth Examination. 43 Those two means for glucose measures were not directly comparable. Although many participants had quit smoking at the Fourth Examination, 42 most of them kept smoking for a number of years after the Baseline Examination. Pack-years of cigarette smoking was a life span measure of smoking. The higher mean for the men with CHD than for those without CHD was consistent with detrimental effects of smoking. These results were also consistent with the previous ®ndings in the HHP. 5, 6, 44 In a 15 y follow-up study of the male civil servants in London, a signi®-cantly positive association between BMI and CHD mortality among the elderly ex-smokers aged 60±64 y were reported. 45 
Conclusions
Findings of this cross-sectional study in the elderly men suggest a positive association of fasting glucose and pack-years of cigarette smoking with prevalent CHD, and an increase of HDL-C and physical activity index when adverse effects of adiposity on CHD are taken into account. These ®ndings are consistent with results of previous studies. 6, 46 In addition, the ®ndings of the current study suggest that the independent associations exist between WHR and prevalent CHD, whereas the associations of BMI and waist circumference with CHD are mediated by the correlations of higher BMI and waist circumferences with lower HDL-C levels.
